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Disclaimer

This presentation includes an account of work sponsored by an agency of the 

United States Government. Neither the United States Government nor any agency 

thereof, nor any of their employees, makes any warranty, express or implied, or 

assumes any legal liability or responsibility for the accuracy, completeness, or 

usefulness of any information, apparatus, product, or process disclosed, or 

represents that its use would not infringe privately owned rights. Reference herein 

to any specific commercial product, process, or service by trade name, trademark, 

manufacturer, or otherwise does not necessarily constitute or imply endorsement, 

recommendation, or favoring by the United States Government or any agency 

thereof. The views and opinions of authors expressed herein do not necessarily 

state or reflect those of the United States Government or any agency thereof.
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Technology Background
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Membranes for Pre-Combustion CO2 Capture
Advantages of High-Temperature Membranes for Separation of CO2

Advantages of Membrane-Based Separation Characteristics of PBI Membranes

ÅReduced costs for syngas cooling
ÅReduced CO2 compression costs
ÅEmission free, i.e., no solvents
ÅDecreased capital costs 
ÅLow maintenance
ÅModular

ÅAttractive combination of throughput 
(permeance) and separation (selectivity) 
ÅThermally stable up to ~ 300ÁC and sulfur 

tolerant
ÅTested up to 225ÁC with simulated gases and  

with real syngas
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Note: PBI hollow fiber membrane (HFM) is a H2O and H2 transporting membrane

m-Polybenzimidazole (m-PBI) 
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Preliminary TEA
Developed by Enerfex

% Increase in Cost of 

Electricity (COE)

[1] Cost and Performance Baseline for Fossil Energy Plants Volume 1: Bituminous Coal and Natural Gas to Electricity, Rv4-1, September 24, 2019

Case Name

IGCC-B1A

Baseline

No Capture

IGCC-B5B 1

Baseline

CO2 Capture

SRI PBI 

Membrane

CO2 Capture

CO2 removal No Selexol PBI membrane

CO2 purification No Yes

Sulfur removal Sulfinol Selexol

Performance and Economic Summary

H2/CO2 Selectivity n/a n/a 46

H2 GPU n/a n/a 215

CO2 capture n/a 95.18% 89.12%

CO2 purity n/a 99.08% 95.80%

H2 recovery n/a 99.46% 99.04%

HHV plant efficiency 43.00% 33.70% 34.47%

LHV plant efficiency 44.60% 35.00% 35.74%

COE w/o T&S ($/MWh) $105.80 $144.20 $135.39

COE w/ T&S ($/MWh) $105.80 $152.30 $143.49

% Increase in LCOE 0.00% 43.95% 35.63%

Preliminary TEA has 

been updated to 

correspond to Rev. 4 

of Cost & Performance 

Baseline document
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SRI Fiber Spinning Lines
1st line installed in 2015 
2nd line installed in 2019

Drives and MotorsSyringe Pumps

Fiber Optimization:

ÅAir gap

ÅSolvents

ÅNon-solvents

ÅRoller speed

1. Xiao et al. (2018), Membranes, 2018, 8(4), 113;
2. Wales et al. (2021), Membranes, 2021, 11(6), 430;
3. Xiao et al. (2021), Desal and Water Treatment, 2021, 69-78, 229

Wall thickness

Pore size

Substructure

Dense layer thickness

Variety of Applications:

ÅGas Separations1

ÅReverse Osmosis (RO)2

ÅUltra Filtrations (UF)3
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Fabrication of Fibers with Good Reproducibility
Quality Control is the KEY to success when scaling up

0.55 mm OD

Ғ лΦр m˃ skin

Porous support

lumen surface

SRI Fiber Production ïVERY GOOD REPRODUCIBILITY:

Á Dense (skin) Layer: 0.3 ï0.5 µm

Á OD: 450 ï650 µm

Á ID: 120 ï250 µm

Á Spun > 500 km 

Achievements:

Á Dense-layer thickness reduced from 1 µm to < 0.3 µm (Gen-1)

Á Fiber diameter reduced from 1 mm to less than 600 µm

Gen-2:

Á 0.5 µm dense layer

Á Reduce defect, improve reproducibility

Tunable
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PBI Fiber Withstands High Pressures & Temperatures

H2

H2/CO2

selectivity 

increases with 

temperature up 
to 225ϲC.

CO2

Selectivity

H2/CO2 40

H2/N2 98

H2/CO 103

H2/H2S >200

225 ęC and 200 psi ȹP

Mixed Gases
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Critical Asset: Membrane Testing Skid
Installed and Tested at the NCCC

Photograph of the skid installed at the NCCC (April 2017)

Å Test campaign at NCCC conducted in April 2017 (50 

kWth scale)

Å Skid was removed from the host-site and returned to SRI 

in March 2018 for inspection and modification

Å Upgraded skid is used in current work

Test Parameter Range Unit

Temperature 80 to 215 °C

Pressure 50 to 170 psig

Gas 

composition
Variable slpm

Stage cut 0.2-0.7

H2 in syngas 12 to 50 %

CO2 in syngas 5 to 40 %

600 hours of performance data 

collected from PBI skid at NCCC

Sample test matrix
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Test Results at NCCC 
Air-blown Gasifier

+ Tunable fiber spinning process can be tailored to higher flux 
(GEN-1) or higher selectivity (GEN-2) 

+ Modules tested at NCCC:

ÁMembrane element TS-1 consisting of SRI GEN-1 fibers 
(GPU~150, H2/CO2selectivity ~ 25 at 150ęC) for ~500 hr

ÁMembrane element TS-2 consisting of SRI GEN-2 fibers (GPU 
~ 100 , H2/CO2selectivity ~ 40 at 200ęC, 200 psi) for ~48 hr Comparison of measured H2/CO2 selectivity for GEN-1 and 

GEN-2 modules

Measured H2 and CO2 permeances at the NCCC for the TS-2 (GEN-2) module 

at varying temperatures under a pressure differential of 145 to 155 psi. 

Measured H2 and CO2 permeances at the NCCC for the 

TS-2 (GEN-2) module with varying pressures at 128ęC
Observed hydrogen recovery with varying stage cuts at 

temperatures 150ęï190ęC and pressure differentials of 130-150 psi 

for the syngas-only condition and for syngas doped with H2


